SUMMARY Thirteen children aged between 8 and 16 years were entered into a 12 month prospective trial comparing continuous subcutaneous insulin infusion with intensified conventional treatment. Two of seven children on insulin infusion withdrew after eight and nine weeks, and three of six children on conventional treatment withdrew after four to eight weeks. Withdrawals in both groups were related to dissatisfaction with the techniques.
SUMMARY Thirteen children aged between 8 and 16 years were entered into a 12 month prospective trial comparing continuous subcutaneous insulin infusion with intensified conventional treatment. Two of seven children on insulin infusion withdrew after eight and nine weeks, and three of six children on conventional treatment withdrew after four to eight weeks. Withdrawals in both groups were related to dissatisfaction with the techniques.
The group on insulin infusion treatment achieved a mean plasma glucose of 9-8 mmol/l (176.4 mg/100 ml), a median M value of 50 mmolI (900 mg/100 ml) and a mean glycosylated haemoglobin of 9-1% during the year. This represents a significant improvement compared with the previous values, and also when compared with the conventional treatment group whose trial values of a mean plasma glucose of 15-5 mmoIIl (279 mg/100 ml), median M value of 167 mmol/l (3006 mg/100 ml), and glycosylated haemoglobin of 10-4% were not significantly different from those before the trial.
Two children on insulin infusion developed subcutaneous abscesses in the early months. There was an increased incidence of diabetic ketoacidosis in this group, but no difference in the incidence of serious hypoglycaemia between the two groups. The children reported improved well-being when using insulin infusion and continued with the technique after the trial finished. Insulin infusion offers an acceptable means of improving glycaemic control for some diabetic children.
Continuous subcutaneous insulin infusion was first described by Pickup et 3 The use of this treatment in children is less well documented48 as the reports concern fewer children with a shorter treatment duration. The possible benefits from better glycaemic control are more likely to occur if improvement in control can be sustained over long periods, and we describe a 12 month prospective controlled trial, initiated in 1982, comparing insulin infusion with intensified conventional treatment in 13 The children fulfilled the following entry criteria: (a) Mean glycosylated haemoglobin value above 10% in the past 12 months.
(b) Mean plasma glucose concentration above 10 mmoL/l (180 mg/100 ml) in blood sugar profiles.
(c) Clinical impression that control was poor.
(d) Ability to quantify blood sugars at home using an Ames Glucometer.
(e) Twice daily insulin regimen. (f) Transport available to come to hospital monthly.
(g) Telephone at home. (h) Willingness to enter either group in the trial. The children were using MC Actrapid and Monotard (Novo) and were transferred to Human Actrapid and Human Monotard for a one month 'wash out' period before the trial. Those children randomised to insulin infusion were admitted to the ward for initial assessment and training in the use of this method. Those children randomised to intensified conventional treatment were admitted to the ward for assessment. All children were then followed up with twice weekly telephone calls and a clinic visit every four weeks at which blood for glycosylated haemoglobin determination was taken. A divided 24 hour urine collection for albumin estimation, a full blood sugar profile collected into lithium heparin bottles, and simultaneous Glucometer readings were collected by the parents and children the day before the clinic visit. There was good correlation between Glucometer readings and the plasma glucose concentration.
The plasma glucose concentration was measured using a glucose oxidase method and glycosylated haemoglobin was measured using a Boehringer mini-column method with aldimine inhibition. Urine albumin was measured by an ELISA method and creatinine by a semiautomated alkaline picrate method. Albumin values were compared with an established normal range.'0 The glomerular filtration rate was estimated using a Cr-EDTA method. Bone age was assessed using the TW2 system. The M value,11 a transformation of blood glucose which gives weighting to hypo-and hyperglycaemia, is calculated from the plasma glucose using the formula:
M value = I 10 x loglo plasma glucose 13 4 .44 n Conventional statistics were used to assess significance. The M values were not normally distributed and the albumin results needed logarithmic transformation to ensure normality.
Moderate hypoglycaemic reactions are defined as episodes of hypoglycaemia in which carbohydrate has to be given by a third party, and severe hypoglycaemic reactions require treatment with glucogon or intravenous dextrose. Ketoacidotic episodes are defined as those that required treatment with intravenous fluids and insulin.
Technique of continuous subcutaneous insulin infusion. The pump used was the Autosyringe AS6C-U100 model which delivers a fixed basal rate of short acting insulin; in this trial Human Actrapid was used. The single basal rate was adjusted to achieve a blood sugar concentration before breakfast of between 4 and 7 mmol/I (72-1 and 126-1 mg/100 ml). A manually controlled and variable boost of insulin is given approximately 30 minutes before each meal. All children used Ames Glucometers and Dextrostix to monitor their own blood sugar, and they had been accurately measuring their own blood sugar for at least six months before the trial.
The trial required one blood sugar to be measured each day, but clearly if control was poor or they were unwell, more frequent estimations were made. The blood sugar concentration was measured either before or 60 minutes after a meal, before bed, or very occasionally at 3.00 am. The timing of the estimation was varied each day, so that a composite profile of blood sugar estimations could be established each week.
By the end of the trial all children had dropped the midmorning snack and had either omitted the midafternoon snack or reduced it to a single 10 g portion of carbohydrate.
Technique of intensified conventional treatment. Similar care and attention relating to diet and blood sugar testing was paid to this group. Care was taken not to make too many insulin dose changes because control might then become more unstable. The twice weekly telephone review tried to ensure compliance with good diabetic practice.
The diet conformed to the recommendations of the British Diabetic Association. The study was approved by the local ethical committee.
Results
Baseline comparison and anthropometric data. The initial characteristics of the children in the two treatment groups are shown in Table 1 . There are no statistical differences between the two groups. The mean glycosylated haemoglobin value fell insignificantly in both groups between selection for and start of the trial. Examination of height and weight Conversion-SI to traditional units: C peptide 1 pmoVl 3-0 ngIl: plasma glucose 1 mmoUI 18-02 mg/100 ml.
velocity charts for the whole year of the trial failed to show any clinical abnormality and the TW2 bone age remained within normal limits. Detailed statistical analysis has not been used on the growth data because all but one child were in the midst of puberty. The ponderal index increased to 20-76 kg/M2 in the insulin infusion group and decreased to 19-82 kg/M2 in the conventional treatment group. Neither of these changes were significant. One child on insulin infusion, who had a tendency towards obesity, continued with this trend, increasing her ponderal index from 24-5 to 26-3 kg/m,2 but decreasing her insulin dosage from 1 42 to 1-07 u/kg per day.
The C peptide concentrations indicate that none of the children had appreciable endogenous insulin secretion.
Withdrawals from the trial. Two patients withdrew from the insulin infusion group, one after losing confidence because of recurrent hypoglycaemia due to pump failure at 8 weeks, and the other at 9 weeks after surgical drainage of a subcutaneous abscess. Three patients withdrew from the conventional treatment group after 4, 6, and 8 weeks. Failure to improve glycaemic control sufficiently to warrant the increased effort and attention to their diabetes led to disillusionment.
Insulin dosage. The pretrial insulin dosage was mean (SD) 1-12 (0-16) U/kg/day for the insulin infusion group and 1-04 (0.21) U/kg/day for the conventional treatment group. At the end of the trial insulin dosage was mean (SD) 1-06 (0.22) U/kg/day for the former and 1-12 (0-10) U/kg/day for the latter group. There were no significant changes in insulin dosage between the groups or between the beginning and end of the trial.
The basal insulin rate was mean (SD) 41% (5%) for the insulin infusion group with before breakfast, lunch, tea, and supper boosts of 19% (3%), 15% (3%), 15% (2%) and 10% (2%) respectively. Glycaemic control.
(i) Mean plasma glucose The plasma glucose value, calculated from all laboratory measurements of samples collected at home for each child over eight week periods, is shown in Fig. 1 as the mean and standard error of the mean. The concentration fell significantly in the insulin infusion group between trial induction and week 8 (P < 0-02, Student's t test) and also fell significantly (P < 0-001) between weeks 48 and 56. There are no significant changes in the mean plasma glucose concentrations in the conventionally treated group. In the insulin infusion group the mean plasma glucose concentration was significantly below the initial assessment value throughout the trial, with the exception of week 48, and the mean concentrations were always significantly less than those in the conventional treatment group.
The plasma glucose concentration over the treatment year is mean (SEM) 9-8 (0.4) mmol/l for the insulin infusion group and 15 5 (0.8) mmolI for the conventional treatment group (P < 0-001) (see Fig.  2 ). The fall in the mean plasma glucose concentration for the treatment year, when compared with the initial assessment, is significant for the insulin infusion group (P < 0-001) but there are no significant changes in the mean plasma glucose for the conventional treatment group.
(ii) Mean plasma glucose profiles The cumulative plasma glucose profiles (mean (SEM) for the 24 hour period were higher in the conventional treatment than in the insulin infusion group. The significance of differences between the two groups is shown in Fig. 2 . There was no mg/100 ml significant difference between the two groups before lunch, before supper, at night, and at 3.00 am. The only postprandial rise in the insulin infusion group is seen at breakfast (P < 0-001) but a postprandial rise is seen at all meals in the conventional treatment group; this rise is significant at breakfast (P < 0-01).
(iii) Plasma glucose M values The details of changes in M values are shown in Table 2 . No significant changes occurred in the conventional treatment group. The fall in M value in the insulin infusion group is significant at weeks 8, 16, 24, and 56 (P < 0 05, Mann Whitney U Test) and is significantly less than conventional treatment values at weeks 16, 24, and 56 (P < 0 05). The median M value for the treatment period is significantly lower in the insulin infusion than in the conventional treatment group (P < 0.01). Continuous subcutaneous insulin infusion in diabetes mellitus 1031 (iv) Glycosylated haemoglobin The glycosylated haemoglobin value over the whole treatment period is mean (SD) 9-1% (0-9%) for the insulin infusion group and is 10-4% (0-2%) for the conventional treatment group (P <0-001) (see Fig.  3 ). The fall in glycosylated haemoglobin when compared with the initial assessment, is significant (P <0-05) for the children treated with insulin infusion but fails to reach significance in the conventional treatment group. The value of children withdrawing from the trial is mean (SD) 1141% (2-3%), 18 5 .>S~' A?l pumps were desired by all wearers, but even so none '$ 94,{wanted to stop using this method after the trial. (ii) Intensified conventional treatment Three children completed the trial, and on questioning said they felt little different, but all commented that they did not wish to continue with the regimen. All children were given the option of insulin infusion after the trial and one has begun to use a pump.
Discussion
The average standard of glycaemic control in children and adolescents is poor. A large and reputable clinic'2 has recently reported a mean glycosylated haemoglobin of 11-8% (normal range 4*9% to 7-3%). In this trial we selected children with poor control, determined by the selection criteria of a glycosylated haemoglobin value above 10% and a mean blood glucose concentration above 10 mmol/l (180 mg/100 ml) for the past year. The 12 month trial showed that insulin infusion improved glycaemic control in these diabetics, and the improvement is superior to that obtainable by intensification of a conventional twice daily insulin regimen. Summation of plasma glucose and glycosylated haemoglobin values over the year gives a more realistic assessment of the degree of glycaemic control achieved than that obtainable by the analysis of trends over shorter periods. Those using conventional treatment showed no alteration in the mean plasma glucose concentration but there was a small, statistically insignificant, improvement in the glycosylated haemoglobin value. This discrepancy suggests there were periods of undocumented lower blood glucose concentrations: the incidence of reported hypoglycaemia, however, was similar in both groups.
Adult experience with insulin infusion has documented long term improvement in glycaemic control but the reported experience in chil ren is limited to eight months. The improvement in glycaemic control is sustainable for the period of the report. Our own study confirms glycaemic improvement for up to 12 months and in fact the improvement is currently seen for up to 2 years, the mean glycosylated haemoglobin value of the pump users being mean (SD) 8-2% (0.9%) over the second year with no ketosis or abscesses seen.
The study was not designed to test the 'controlcomplications hypothesis' but the results are encouraging. Renal function improved (but not significantly) in both groups, and improvement in the glomerular filtration rate was greater in the insulin infusion group. These changes agree with the Steno Study Group 3 experience. Improvement in necrobiosis lipoidica during insulin infusion has been reported previously'4 but whether the improvement is coincidental or secondary to this cannot be assessed.
Acceptance of both insulin infusion and conventional treatment is not universal. We did not formally test the psychological effects of treatment but it is clear there is an initial honeymoon period during which insulin infusion is embraced enthusiastically. Minor difficulties and problems then occur, and these last for several months during which the method is re-evaluated and either accepted or rejected. After several more months flexibility is exploited, meal times are moved and snacks are dropped. A benefit for the individual child is mood improvement noted by both parents and children. Other workers6 7 6 and we were cautious about setting very tight pre-breakfast blood sugar concentrations. This may explain the mean blood sugar concentration of 9-8 mmol/l (176-6 mg/100 ml) and low mean basal insulin dosage (41%) compared with the 58% basal rate and mean blood sugar of 5-3 mmol/l (95-5 mg/100 ml/ recently reported by Pickup et al in adult patients.'7 Pump malfunction caused one child to withdraw from the study. The failure of any mechanical device is always a small risk and unexpected changes in control should prompt expert examination of the pump. All patients revert to conventional treatment if they are concerned about their pump.
There was a high incidence of diabetic ketosis in the insulin infusion patients. Mostly the ketosis seemed unavoidable but two children had only trivial infections and in another child no adequate explanation could be found. An increased incidence has been noted before,'8 and this may be due to a smaller insulin reserve in these patients. The early detection of ketones by urine analysis if the blood sugar is high is advisable, and must be followed by early contact with the medical team. In unexplained ketosis the pump, catheter, needle site, and infusion materials must be carefully checked and changed. Most problems have simple explanations but may surprise the individual; as one child discovered, when he found a leaking cannula caused by the undetected bite by his hungry pet hampster.
Alarm over deaths in diabetics using insulin infusion led to a review by the Centre for Disease Control. '9 Only two deaths were related to this; one person died from bacterial endocarditis developing from a subcutaneous abscess and one patient died of hypoglycaemia after pump malfunction. Clearly insulin infusion is still an experimental technique, and other problems20 may well be identified as experience grows.
Good diabetic management is dependent, in part, on good blood glucose monitoring. In shorter term studies48 more frequent testing has been carried out. Others may consider once daily testing insufficient and this may explain why the glycosylated haemoglobin value has not come into the normal range. Acceptability and understanding, however, form the basis of compliance, which is vital in the management of children.
Those using insulin infusion insisted on continuing with treatment and this is consistent with other reports. This contrasts with the reluctance of those on intensive conventional treatment to continue, perhaps providing the best evidence of acceptability. The insulin infusion patients are now in the routine diabetic clinic. During the second year they have not required greater attention than that required by other diabetic children.
It is not clear what proportion of diabetic children and adolescents will benefit from insulin infusion but this study shows there is such a group, who are not identified by previous good control. It is therefore possible that these patients may be able to maintain better than average glycaemic control through adolescence, a time when control can be most difficult, which may lessen their likelihood of developing microvascular complications. 
